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3 , DI SCUSSI OI'T 

Ex :u:_iination of the r,:ic ristc,.1-tips o.ftcr 6 weeks showed th -:ct 

shoot (1cv,.' lop~:10nt occurre d :·10s t r npi clly in Mur '."lshigc ::md Skoog I s 

hi gh- salt '.:cdiLc, whiL:: those grown in Elliott I s L,CLliU..:,e 

differing only i n the typL of hor:·.,on...: us, o. 9 dc v 1.. lop0 c:. o.t e. 

c onsi c'h:: rably sl ow or r Rt e . Hollings ' :1cdi1K1 1 shown in Englm1J 

t o be o.doquat,., for chrys ::mthc,:,1L1 o.nd C<''.rn::i.tion Gorist1..::.1- tip 

growth , w"-s foun::l i n this s tuJy t o be i n.f::. rior for shoot 

dev e l op;-.1(nt to Murnshige :md Sko og ' s ,: 1c:diu: :. 

La t er ccsscss:.,cnt of :-J.,)ri stc;:1- tip 6rowth vns ;.10.de prior t o 

transf erring th,, pl 8.11tle ts t o :~ d.ni - pot s 9 ::md it wo.s etpp3.rent 

thci.t t he high-s-'.11 t :·1ediun of ~turashigc and Skoog grwe, t h.:. bes t 

r os ul ts i n k r ns of root ancl shoot growth, whil e:: Hollings 1 

l ow- sc1l t ;-_ ,ediu:.1 o.lso showed signific8.Ilt inpr ove~i..,nts over thG 

othe r sudi ~ tested . 

It th1..rcforc sc,cns t h~t under th\.. conditions described in 

thi s s tudy ? riur 2.sl1i c; . .:: 8!1,l Skoog ' s ~.1odific2.tion of W)1ito 1 s no diu...1. 

using I A/. 1.s "· gr owth hor donL g-:,__vo be tter r c sul ts in t er os of 

roo t 'l.'1d shoot gr owth .:rr1c;. cvelop,:1ent t h~ did t he oth1..r Dedi a 

tc;StLd . 

Th.,:irc was no signific cmt difft:r c.mc o in r;,1cristcn- tip growth 

and dcv c: l op;1cnt bc: tw0cn thG two chrys .J...".1thcrnrr.1 cul ti vnr s 

' Mistle t oe. ' :-t.YJ.J ' Good Hews '. 



APPENDIX II I. 

~)O;?/ JI.IS 0.1 ' OF SEVER/.1 :I:TEODS GF 

" Hl JillENI NG OFF" PL/JJTS DERIVED FROM 

CHRYSJJ-J THEMUM MERISTEWI- TIPS 

1, I ETRODUCTION 

The treat~ont of chrysanthcnu.n pl :'ntl c ts derived from 

,.io ri sten-tip cul tu.r0? du.ring t he transition fr on aseptic 

condi tions in the cul tu.re bottles t o the: ::i.or e " norme.111 growth 

conditi ons in t:~1c; gl?.sshou.sc, p rov"'cl t o be cruci al. 

'rhc 11 hardcning offi 1 or gr adual exposure of the pl nntl uts 

to nomul gl asshouse c onditions wns studi ed 2nd s evor etl ;:ie thods 

tested to dc tcrni ne: t:he nost suitable . 

Three factors wor e consider ed : 

2 . SU1'PORT MEDIUM 

98 . 

Various supporting uedi a hav e been used by differ ent workers 

i n the growth of chrysanthoL'lU.D and c arnati on phm.tlets, including 

peat (59 ), soil (112) and 3 mxture of pent/sand/soil (11 0). 
Verniculitc has been shown t o be satisfactory for the growth 

of swee t pota to (Iponoea bat a tus) plantlets (3 4) . 

The ncdia t e sted in this s tudy wer e perlite , vermiculite, 

and a a ixtu.re of peat and purli t e . 



3. NUTRIENT STJ.TUS 

Since tho throe ncdi c. sc l cctGd for t es ting c ont2.inou little. 

01~ no nutrj_ont 9 a nutri(;nt solution w2.s also r equired to ensure 

3doqu:1tc pl:-,ntlct growth . 

Scvcr.:tl nutri cmt conbin:1tions were tested: 

99 . 

Hoaglc1.nd I s nutrient solution v1hich Elliott (34) found s-:'tisfactory 

i n conbinnti on with ver.:Jiculi t,:, for th._ grmvth of sweGt 

pot,.to p lG.ntlots ( s~e- J~ppcndix v) . 

North Cr:.rolinc. nutrient solution whic!1. is used 2s o. gcncr2.l 

nutrient for plants grown in tho controlled clL:12.t c 

l 11bor8.tory of t he Pl&.11.t Physiology Di vision of the D. S . I.R . 

(.sc,_ l.2)pd1.~ix v) . 

Murashig,, and Skoor:e: 1 s ;,1cristen-tip cul turo nutrient solution which 

wo.s used t o cul turc- the ::.1orist1..2-tips up to thl; " burdening off " 

stRf;c (sec Appendix I) . 

"Chrys;:,,.nt~1..:,;1u.;.~11 potting :1ix used in this s tudy for go;1or :J.l pl::mt 

g:c-or;th (sec J.ppcndix IV) . 

4 . C O:i.T'i.1 JJ/IHT ATI OJ:; 

Two e1.ppronch-.: s to this problc::.1 wore studiecl to detcrmin~ tho 

o.os t cffocti vo procedure in t er ns of pl ,ntlct gro\"/th ( tc.blc 36) . 

Tho first appro2.ch 1 u sed by Sutton end Taylor (112) in the 

cul ti vo.tion of c arnation nori sten- tipsy was to tr2.l1.sfor the 

pl-mtlots to Dini - pots 9 hold tho1~ under Dist for 18- 24 hours 1 

then uove the pots to 2. sho..dod 2.rca in tho g l asshouse . 

The other, more gradual o.pproachj was bc.sed on the 

"Dini- cloche" principle used by Elliott (34) in the culture 

of swe e t pot ato plMtlcts . With this technique plnntlots 

Vlere tro..nsfcrrcd to Dini- pots which ho.d boon autoclaved inside 

pint preserving jars c overed with petri - dish lids (fig . 18) . 

tlB~A~Y 
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Aft r~ r 2-3 clci.ys t he lids v1ere r cplac c.;d by pl .'.1.s tic bags o.nd the 

bags were: gr:i.dunlly cut open to 11h c.rden off" t h8 plnntlcts . 

The pots wer e then r c,.,oved frc,::i under the light-ba.YJ.k and grown 

i n the 6 l asshouse . 

TJ.BLE 36 . Troo.t1cnt us od to "ho.rdcn off" plontlets dcri ved 

f r o::. chry san t hc;1u::1 ;:1.::ri s t e:u-tip culture: . 

Support r'.K:dim.1 

Vcr niculitc 

Ver.:Jiculitc 

Vcrniculito 

Perli tc, 

P"rlitc 

Perlite 

*Po:,t/porli t o 

P.::c.t/pcrlitc 

Peat/perlitc 

Nutrient status 

Hoeglo.nds solution 

North Cc.rolina solution 

North Carolin'.:l. solution 

Ho1:1gl ::mds solution 

North Carolinci. s olution 

Murashi ge; & Skoo3 1 s solution 

Murnshi ge cc S!rnog I s solution 
11 Chrys ·n tl1ci.1u.:t11 pottirig : iix 

rlur~ishi gc & Skoog ' s solution 

5 . RESULTS furn C0HC LUSI0NS 

Planth,t 
environnent 

nist 
1nini - clochc 1 

1-:ri.st 

' mini- cloche ' 

' mini - cloche ' 

mst 

' uini- clochc ' 

mst 

nist 

Succ ess in plantlc t survi vnl w.::1.s nchieved in the *treatment 

including t he pcn.t/perli t .:: :-1ecliun with Hurashige and Skoog ' s 

nutri ent solution where tho plantle t was initin.lly protected by 

a ' 1-:ri.ni-clocho ' . 

This success nay be attributed to the graduo.l transition 

frou o.septic to norual growth conditions 1 combined with an 

initial nutri ent status approxiuating that under which the 

neristem-tips had been grown . 



In 3.ll tre:ati.:i.onts involving the use of r:1ist 9 c ontrnJinrttion 

by saprophytic fungi c aused the death of thu pl ruitlcts; even 

vvhcn Q O. 25 g/li tre phcnyl - nercuric-chloridc drench wc.s o.pplicd 

at the onset of the fung::11 inv"'.sion . 

Tho pl ::mtlcts grown in perlitc f2..iled to deve l op, Cl.lthough 

no saprophytic fungi c oul d b12 observ0J . Since t he perlitc 

10 1 • 

v·.rti clcs vrcrc r.':1.ther c on.rs'-, it is prob::tbl c thc,t root dessication 

or root d2..1:,ogc Quring trcmsfcr wc..s n t fnul t . 

The l:'.ck of growth observed in thos.J plantlGts grown in the 

i:forth Carolino. nutri,mt solution9 in both vcrniculi tc o.nd pcrli tc , 

could be .:i.ttributcd to thu relc..tivc l y l ow sol ubl e salt levE;l 

(in c o1.1p:Tison with Mur~1.shigc ::i.ncl Skoog ' s nutrient solution) 

bcc cmsc ii.1 nJi thcr c~1.se could sn.prophytic fungi be: observlJd , 

T~1csc rcsul ts show th c.t to obtain plc'.rlts frou r:ic ri stG.1- tip 

cul tur,, th e: ini tinl procedures of dissecti on o.nd culturing of 

th-.: ncristcr_i- tips ;-er e i1,1port::mt but ::i.lso the procedures used in 

11 11:i.r dcninG off '' the )L1:ntl 8ts '.:'.TC cri ti c "ll . 
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APPENDIX IV . 

GROWTH REGIME 

1 . I NTRODUCTIQ;:f 

1;11 the. plants grown for us2 as i ndic2tor hos ts, either for 

indexing purposes or for host rmige studi es , were grovr.n fro:.1 

3e0L1 - with -cha oxception of the: virus-tc.st 2d ' Mistletoe I raid 
1Good. lTews 1 chrysnnthcnu.:is which were t[l]{:en o.s cuttings fron 

stock pl nnts - am: were i sol .'.1tcJ. fron virus inf c.ctcd pl 8.11. t s to 

pr event conta:.1inntion . 

Th--- s-:"c1s vrcr __ --- i thcr sm-m i n seedling trays (6" x 4") 

containing gro.do # 2 ver oiculi tc, CTlG pricked out into 411 plastic 

pots; or direct Sd::dcd i nto t b-.: !," pots containing a l ayer of 

vor ui culi tL. ovor t h--- potting rJix . 

The plonts wore hose- watered up to twice a day duri ng the 

hot weather :u,ci on do;::i.'.1lld durin,s t hte winter . 

2 . POTTI:TG IIIX 

A 1 : 1 ratio of peat/ pcrlitc was usud as an inert support 

ncdiun t hr oughout this study, nnd several ferti liser conbi nntions 

were t ested t o obtain the be.st result s in t er os of soft , r apidly 

growing plnnts . 

S...:ver al of the f ertiliser combinations gave r el atively 

high soluble salt r eadings and unsatisfactory pH r eadings . The 

fertiliser co:.1bi nati on used for most of thi s study, was based on 

that used i n the coD.o.erci3l production of pot chrysanthemuns in 

the Manawatu . 



TABLE 37 . :B'crtiliser conbi n~1tion used in c onjuncti on with 

pcat/pcrlitc potting Dix . 

riate:r:i.al 

0s;-1ocotc (1 8 . o .1 2. ) 

Dol oui tc 

Supcrphospha.k 

.Agri cul turo.l lLi; 

Dri od blood 

Sulphate; of potash 

l.Trc.:1 

Iron chc,latcs 

Bor 8JC 

3 . TE1'iPERfi.TU2E 

Qu.::,nti ty g/ bush2l 

165 . 0 

82 . 5 

4- 1. 2 

41. 2 

31 .o 
10 . 3 

6. 4 

0, 4-5 

0 . 45 

Ini ti::i.l problcr..is wcr" cncow1t ..Jr0d wi t:-i tll" c ooling systc:., 

in th,: c.::; l asshouso; and during th(; su::.uL.r i t c,; .,,pcr2.turl. S of up to 

36 C w,:,i·e: rccord,.xl . Thcs(, high t c!:1p0rutur2s, c o::ibincd with 

unsui tablt.. fertil i sors 1 rusul tcd in thu produc tion of "ho.r d 11 

growth i n :::any plantsi particularly P . hybridn seedlings irid 

1ilistl l) to"' 1 cuttings . 

4 . PEST /J:ID DISE ASE CmJTR0L 

103 . 

Insec t cont rol was 2chicvcd by th~ applica tion of Le.nnat c L .* 

(1 . 1 g/500 Dl. ) sprays when requi red, to kill aphids, and 

Kcl thane** ( 1. 1 g/500 n l) for :21i t o c ontrol. 

* Trade naoc for we thouyl . 

Trade name for dicopol. 
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1..PPEHDIX V. 

SUPPLEiIENTARY HU'.i1RIEITT S 0LU':i:I0HS 

1. H0LGL/JJDS NUTRIEIJT S0LUTI0F (34 ) 

(g/li tro ) 

Ca(r:o
3

) 
2 

,f . 10 
•-1 

X 10 

:IC!O~ 2 . 52 X 10 - 1 
) 

:t;so. 1 . 20 X 10 - 1 
Lt 

=<?.
2

P0. 1. 36 X 10- 1 
·r 

:i:-!
3
Bo

3 
6 . 20 X 1 o-3 

I-'in30, • 4iI
0 

0 2 . 23 X 10 - 2 
1,- L 

') 

F0;;:-~ EDT!, 2 . 00 X 10 - c. 

Zn S0
0
~ . 7B2 0 8 . 60 X 1 o-3 

_ /, 
KI. 3 . 30 X 10 r 

i1a2~Io702/r • .:j.Ii:20 2 . 50 
- 1.). 

X 10 

CuS0 . • 5H
2

0 2 . 50 X 1 o- 5 
', 

CoC1
2 

2 . 50 X 10 - 5 



2 . lTORTE C/i.ROLEJ/. NUTRIElif'.r SOLUTI OYf (pors . con-:i. . ) 

C .-, ( ,·JO ) ,, T.T 0 '" - 3 2 • ·rL2 

Y"O '...!1 3 

1:6s0..;. . 1n2o 

Hcl'c ch(..l::'.tG* 

KH2P0:, 

K2Po,;. 

~.r no 
"3.L! -. j 

I.-h~Cl/"\ 
,.: 

Z11S 0_ 1 • TJ:?0 .. ~ 

(p=l = G. 5) 

(g/li trc ) 

3 , 18 X 10 - 1 

1 , 60 X 10- 1 

1 , 27 X 10-1 

7 , 1 :J X 10-2 

6 . 16 X 
10- 2 

5 , 96 X 10 - 2 

2 . 50 :x 10 
--2 

_ ri 

1, 10 X 10 '--

' 
7 . 00 X 1 o- 'r 

' 5 , 20 Jc 
10 - '' 

5 , 00 X 1 o-5 

2 . 00 X 10- 5 
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-l<· Geigy j30 F..c chdo.tc; Na/Fc 3+ dic t hyl cnc triru.un,2 pcnt si.ac c t a t c . 



FIG. 2. Flower distortion symptoms on TAY-infected 

'Madame E. Rogers'. Top. Non-infected flower; 

Lower. Obverse and reverse aspects of distorted 

flowers. Note smaller size. 
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FIG. 3 . Leaf distortion and 'bootlace' symptoms on 

TAY-infected Nicotiana glutinosa, 4 months 

after inoculation. 
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FIG. 4. 

FIG. 5. 

·,t· '\\ 
t. ~. .• •' 
~~- ,: ·., 

, · ,I ' , .. ~ \·•· . 

\ Jf~• ~ ,f .. ... ,, 
·,1 ~. 

•.t ·~ t .,, ·.... ,,. ; ' . . " . . -·~ •; .. '. I ·. :• ..... 

.,1",j•Vi .,.~J\ ~ : , 
I ,'tf •~ -~\.\ r• 'I ;/( · • :, ., l I , 1 (-. 

~ .. -~' ', ' 4 ,: 
' ·J . f, • .:, , . • .... 

; ,.• \ .·' 
. ., . / 

... . I .., , 
' Kt . . ' ( '•. ·, 

!l 
\ lh ~, · . , 

~ ,,· 
j i'• ,, 

I II/(• . .,,. ·.•· 

Enations on the undersurface of TAV-infected 

Nicotiana glutinosa (see Fig. 3). 

Leaf mottle and distortion in TAV-infected 

Petunia hybrida 'Rose of Heaven' 2 months 

after inoculation. 
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FIG. 6. Leaf mottle symptoms on TAV-infected Nicotiana 

tabacum 'Samsun'. Left. Healthy control plant. 

FIG. 7. Chlorotic local lesions on TAV-infected Chenopodium 

amaranticolor. L. to R. Water and Na2HPo4 (pH 7.3) 

controls; infected chrysanthemum sap diluted with 

phosphate buffer to 1: 1 and 1: 100. 



FIG. 8. Top. Flower from chrysanthemum stunt-infected 

'Shantung', note small size. Lower. Flower 

110 

from healthy control plant free of stunt symptoms. 



FIG. 9. Indexing for chrysanthemum stunt - 'Mistletoe' 

scion grafted to 'Madame E. Rogers'. 
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FIG. 10. Leaf fleck symptoms of chrysanthemum stunt on 

'Mistletoe' scion leaves. Top. Healthy 

control leaves. 
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FIG. 11. Symptoms of leaf mottle virus infection. 

L. to R. Control, 'Rivalry', 'Waltz Time', 

and 'Good News' scion on 'Rivalry'. 
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FIG. 12. Chlorotic leaf mottling on 'Rivalry' leaf 

infected with virus of the leaf mottle group. 
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FIG. 13. Electron micrograph of rod-shaped particles 

of the leaf mottle group from 'Shantung'. 
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I 
FIG. 14. Meristem-tip culture cabinet. 

FIG. 15. Dissection equipment for meristem-tip culture. 

L. to R. Dissecting knives, dissecting pad, 

drawing pens used for leaf removal. 

1~ 



FIG. 16. 

FIG. 17. 

Chrysanthemum shoot tip (15x) and meristem-tip (20x). 

Chrysanthemum meristem-tip after 6 and 12 

weeks growth in culture bottle (5x). 



FIG. 18. Chrysanthemum plantlet after transfer from 

culture bottle, prior to 'hardening off'. 

118 



119 . 

BIBLI OGRl.PHY 

1. Lincworth~ G. C. (1936) . De t ection of spotted wilt virus 

in ellTys::::nthc::im,1s . :r2.turc 1 Land . 137 : 868 . 

2. Ba'l{cr~ R. & D. J . Philli !JS (1962) . Obt:",ining p ·:i.thogcn- f r ee 

s tock by shoo t ti p culture . Phytop2.t hol ogy 52 : 1242-1244 . 

3. 52.nd(:1 ; F . C. & F.I'L Roberts (1948 ) . Phot osynthesi G end 

pred i sposition of pl ants to i nfection with c e rtm.n viruses . 

Lrm . 2.ppl . Biol . 35 : 418- 428. 

4 . Bewley; W. F . & l~. J •. Ricl1o.rr1s (1 951) . L L1os::'..i c disease of 

chry-s.::-11 t h-.::nw:.1 . Gclnr ' s . chron . (Land . ) 129 (33 <- 1) : 20 . 

5. Bl o.ck 9 L .L . (1 943 ) . So::.ic pr op,:;rt ic.:s of c..ster-yoll ows 

virus . E 1ytop :::.t hol oc;y 3 3 : 2 . 

6 . Bl cnc owc, J . W. 2c J . Cnl Jwcll ( 19-''.-9 ) . 1.spcrny - o. ncv, virus 

L1iG-)8.S-::: of the t mmt o . l ,n:::1 . nppl. Bi ol. 36 320- 326 . 

7. Bos 9 L . , D. J. ii::igedor n & L . Quc:.nt z (1 960 ) . Suggest ed 

proc edures for intc r n::i.tioncl i dcmtifica.ti on of lcgtIDe 

viruses . Tijdschr . Pl Zi ekt . 66 : 328- 343 , 

8 . Br 2.dl c.y 9 R. E . E . ( 1963) . So::i.c v•nys in which :::. pa.:ra:ffin oil 

9. 

10. 

11 • 

i:1podcs aphid tro.nsnission of pot e1to virus Y . Can . Jour . 

Micro . 9: 369-380 . 

Brierley, P . (1950) . Host plants of chrysru1thenun stunt 

virus . Phytopa thology 40: 869 . 

(1953) . Souc experioental hosts of the 

chrys2nthcnum stunt virus . Pl . Dis . Reptr . 37 (6 ) 

343- 345 . 

(1955) . Sy raptons induced in chrysru1theoums 

on inocula tion with the viruses of n oso.ics 9 C1Spertiy Md 

flower distorti on. Phytop o.t hol ogy 45 : 2-7. 



12 . 

13 . 

15, 

120. 

(1955) , 1BL,zing GoU 1 as .:i. test· variety for 

th ·-:: chrysmit~eo.l.Ll flowa' t1istortion virus . Pl. Dis . 

R0ptr. 39: 899- 901 . 

(1%3) , Rovisi0::.1. of so:.1e: pl::m.t virus property 

v e.lu...: so PL Dis. Rcptr . ,~7 ('.3) : 4L~5 . 

3: P, Lorentz ( 1960) . Ee:2.l thy ti;) cut tings fro1.. 

2x1d other t:ff.:.. cts of ~oc,t trc'."'.tLlc:.'lt . Pl1ytopnthology 50 : 

fr0,;. - t..08 . 

& C . Olsun (1956) . Dcvelopracnt :-'..."lu production 

of virus-free chryscmthcrn.z..1 propC'{;,:ti ve; n::-..tcr12.l . 

Pl. Dis. Rcptr. Suppl. 238 : 63--68 , 

16 . ______ C:: F . F . Snith (19-l9 ) . Evidence points to virus 

17, 

18 . 

19 . 

20 . 

21. 

22 . 

:::-.s cause of chrsJD:J..."lthc;:iui:1 stunt . Flor . Rev . 103 (2676) : 

36-37 , 

(19.:9). Chrys2..nthor,1un stunt . 

PhytopCJ.thology 39 . 501 ( Lbstr.) , 

( 1951) . Survey of virus disc2.scs 

of cluys2c.nthl;:.11ns . Pl. Dis . Rvpt1· . 35 (12) : 524- 526 . 

( 1953) • 1J oordar.i 1 s B virus of 

chrys0.nthcuw-_1 - detected in the U.S. PL Dis . Reptr . 

37 (5) : 280-283 . 

(1 955 ) . Chrysanthcnu.r:i ringspot~ 

ci. newly recognised pnthoge:n fow1d in conbinntion with 

chrys::1.nthenu;_:1 stunt virus . PL Dis . RGptr . 39 : 33- 31, , 

(1957) , Synpto:·.1s of chrysffilthe:.1w::i 

flow:::r distortionj dodder trsns1:1ission of the virus and 

heat cure of infected plnnts . Phytopnthol ogy 47 : 448- 450 , 

(1958). Sonc chc.rnctori stic of 

8 nos3.ic 2nd 2 rose tte viruses of chrysantheraun , 

Pl , Dis . Reptr, 42 ( 6) : 75 2-763 , 



23 . 

121 • 

& S . P . Doolittle (1955) . ------------- Sane 

hosts o.n.(7.. vectors of too.c-,to o.sperny virus . PL Dis . Roptr . 

39 : 152 .. 156" 

2~ . ButerL~o? R. G. (1968) . In 1Plmit tissue culture 2nd pl 2nt 

::iorphogcncsis 1 • Translc.t2d by :i'.1. !..rtn2nn ~ Israel Progr:x.1 

for Sci . Trans . Ltd . , (291p . ) 20-53 . 

25 . Chc,~:1berLun 9 E . E . (1946 ) . J, hst of pl::::.nt virus diseo.ses 

in li . Z , IL Z. J l. Sci. Tecr ...... YJ.ol. 28 ( 4) : 234- 237 . 

26 . Cooke, 1..1.. (1967) , Isolo.tion o..nd r:io.intnin3!1.c c of potnto 

virus Y strctns virulent on selected pepper vo.rieties . 

Phytopo.tholosy 57: 385 - 388 . 

27 . DcJ.1.l? D. 0: C.I... Knight (1963) , So::.ic nitrous acid- induced 

Dutc-nts of toGa t o :.,typicnl ~- os:-'.ic virus , Vi r ology 

21 : 580-586 . 

28. Di ener~ '.i: . O. a: W. B. Ray:-,1er (196 9 ) . Pot :::to spincllc tubcr 

virus: ci pl.,nt virus with propcrtivs of r'. free nucleic 

:::ci<l . II Cho.ractcri sc:tion :mcl po.rtial purific a.tion . 

ViroloGy 37 : 351-366 . 

29 . Dinock? /,., VI . (19 ,n) . ChrysrnthenUi.u s tunt . Flor . Rev . 101 

(2607) : 37 , 

30 . Di;:iock? 1 ... Vl . & C. Geissingcr (1969) . /, newly r ccognised 

31 • 

dise:-'.sc of chryscmthcnw:1s co.used by n gr:ut- trcmsnissible 

cigunt . Phytop o.thology 59 : 102.~ (:::i.bstr . ) . 

& R. K. Horst (1971). Chlorotic 

nottlc - o. newly recognised discasc of chrysanthcrnm. 

Phytopnthology 61 : 415-419 , 

32 . DinglGy, J . M. ( 1969) . Records of Pla.nt Diseases in New 

ZcRl a~d Bull . N. Z. Dcp . Scient . Ind . Res . 192 , (298p . ) . 

33 , Doij Y. 9 T.1. Tera.n2.ka 1 K. Yora& /,... /,..suyarJ.c. (1967) . 

Mycoplasmn- or PLT group-like nicroorga.nisns found i n the 

phloeo elcments of pla.nts i nfected with .cmlbcrry dwarf, 

poto.to witches ' broon, aster yellows or Pnulowni a wi tches 

broon . I.rm. Phytopathol. Soc. Japan . 33 (4) : 259- 266 . 



122 . 

3,\. . Elliott? R, F . (1969) . Growti1 of exci sed neri s tc• - tips of 

Ku;.1c..r2. 1 Ipor.:oc::--. b::..t::.i.tr.~;::; (:i:iinn . ) poir . in 2.x:eni c culture . 

n. z. J l. ::Jot , 7 ( 2) : 1 58-1 66 . 

35 . Gil~s~ K. L. (1 972 ) . 1.n inter- specific C'.ggr eg8t c c ell 

Ct:'"pr,blc of ce ll W".ll rcG0Ee:r::i.tioi1. . Pl~t t°: Cell Physi ol. 

13 : 207-21 0 . 

36 . Gil!.::e:r 1 R. Li . 2.: K. D. ::J:;_":_~;:::c ( 1963) . flonunifor;J distributi on 

o:C pnmo ch-r1.rf virus i n ::mo2t c-,.nd sour cherry trees . 

Phytopc.thology 53 : 819- 821. 

37 . Govicr, "D .J,., (1957) . The prop"rtics of t onnto 2.spemy virus 

nrnl its rclo.t i onship with cucw:ibcr nos:uc virus . 

J,r.~" • ~ppl . Biol . 45 (1) : 62- 73 . 

38 . Groc:;.'.'..c'l. 1 R. G., J . K. Uycmoto & K.1 .. KL1blc (1963) . Evidenc e 

39. 

L~O . 

41 . 

42 . 

th::,.t to .~·.to 'tSpCTLJ.Y .:me~ CUCVLibCT :.1osDiC virusos ::i.r c 

scrologic nl ly related . Virology 21 : 36- 42 . 

F.-,'-1- • 0 t ·1:r;, 1 ( 1967) _,!<. • ..,.:.\..!:.. ~L.,j_ 7 e .a., 0 Effect of 2.lw-.1iniw-.1 strips 0:..1 t :1...: 

S})TCC'.d of two ::i.phi d- borne chrys.::,nth~ullil viruses . 

-:cth , Jl, Pl::-.nt Pntl1. 73 : 181 - 185 . 

( 1969) . Co;:.1p::i.ri son of e l ,~ ctron n icrosc opy 

mi..: serology ni th iri-.fccti vi ty tests f or de t e ction of 

chrysc-11thcnu ... 1 virus B. He th . J l. Plant P2.th . 75 : 355- 35 9. 

cl F . QuC'.lc (196<, ) . Effect of hc2.t tre2.tnent 

of young plants on fre:cing chryscntheLJ.u::is frol!l virus B by 

ncr'..n.s of nc. ristera cul turc . :i.:1..JtlJ. . J l. Plrmt Peth . 

70 : 15!.--157 . 

1 D.H.M. v:n Slogter en & N. P . d8 Vos . (1962) . 

Chrys:vithcrnm virus B, its scrologiccl dic:ignosis in 

chryso..."lt:icc.1.E1 j and its re l ::i.tionship to the poto.to viruses 

S and :N ::i.nd to c ar nation l ntcnt virus . Heth . J l. Plant 

Pe t h . 68 : 126-1 35 . 

43 . Heller, R. (1 949 ). Sur l~nploi de ~npicr filtrc sans c cndres 

c o:mc support pour l cs cul tu.re de tissus vege'taux . 

Conpt . Rcrnl. de l a Soc. de Biol. 143 : 335- 337. 



123 . 

44 . }Iitchborn 7 J .H. & G. J. Hills (1 965 ) . ThL- use of negative 

stcining in the oloctron 1.licroscopic ex~.1im:tion of 

pl~1t virus in crude cxtro.cts . Virol ogy 27: 528- 540 . 

Holucs? F . 0 . (1956 ) . EliElii1C'.tiol1 of o.:::;pcrr.iy virus fron 

Phytopc.tl10logy 

<-6 : 599-600 . 

46 . !folling:::;, :l . ( 1955) . Invcstigdion of chrya:.:J1the:1ur1 

viTu::ics . I. fapen:y flower distortion . J,rm . 2.ppl. Bi ol. 

43 (1) 86- 102 . 

47 . 

48 . 

49 . 

50 . 

51 . 

52 . 

53 . 

54 . 

55 . 

56 . 

(1956) . Chenopodiun c.n:-1.r ::mtic olor 2.s o. test 

pl::-.:.1t for pl211t viruses . Pl2.nt . Po.thol. 5 : 57- 60 . 

(1 95 7) . I::.vt.:stig~tion of ch:cys,:,_rithcmu.1 

virusc..:: , II. Virus I3 (nild uosciic) and chryso.nthcmu:i 

l;'.tcmt virus . J,rm . ·,ppl. Biol. ir5 (4-) : 589- 602 . 

(1957) , Rc.:'.:.ctions of sc;:ic: o.dC::.i·cion::l pl2.nt 

viruses on ChcnopoL1iU,":1. ;---.;.:2c:2.· ::-.:,.1ti c olor . Pl 2.:.'lt . Pc.thol. 

6 : 133-135 . 

( 1959 ) . liost rc.n.;c :,tuchc s ,·,i th fifty two 

plent viruses . J,.nn . o.p:'.)l. Biol. 4-7 (1) 98-1 08 . 

(1960 ) . Chr'Jsr,nthcau:.1 viruses . Rep , Glasshouso 

Crops Res . Inst . 1959 : 67- 68 . 

(1962) . Cri:rysonthc!~lUD viruses , Rep . Gl o.sshouse 

Crops Res . Inst. 1961 : 73 - 74 . 

(1965) . Discas8 control t hrough virus- fTec 

stock . J,r,J1 , Re v . Phytopnth . 3 : 367-396 . 

( 1968 ) . ':i'hL- virus probleo in flower crops . 

Scicnt . Hort . 20: 47- 56 . 

------ & B. Ko.ssanis (1957) . The cure of chryso.nthenll!:ls 

frou sane viruses by heat . J l. Roy . Hort . Soc . 82 : 

339- 342 . 

u: 0 . M. Stone ( 1962 ). The at t enu o.tion of -----
c o.rno.ti on nottlc virus in phmts . Rep . Gl nsshouse Crops 

Res . Inst . 1961 : 100-102 . 



124 . 

57 , ( 1967) . Chrysc'llthcnun viruses . 

R0p . Glcsshousc: Crops R2s . I nst . 1966 : 93 , 

58 . ___________ (1 9GB ). Chryso..ntllcr.mn viruses . 

Rep . Glasshouse Crops R~s . Inst . 1967: 94- 95 . 

59 . -------------- ( 1968) . TeCI'41iqU8S etnd problC3S i ~ 

60 . 

61. 

62 . 

63 , 

6( , 

65 . 

66 . 

67 . 

the production of virus-tcst1..:d plc.nting :~w.tcri...,l. 

Scicmt . Eort . 20 : 57-72. 

(1969) . Chrys·'.ntl:c;:-_1ua viruses . 

Rep . Gl~sshousu Crops Ra s . Inst . 1968: 103-104 , 

( 1970). Chrys:-::nthor:iUw vj_ruscs . 

Rep. Gl~cshous~ Crops Ros . l~st . 1969: 128-1 29 . 

( 1 970) . 1.tteupts to c:liuin~tc 

c:1.ry;:::~"'ntllc::11.u:, stunt frow chrys:mt~1onu,-:i by ncrister.i- tip 

culture ,~.ftur hc'.7.t trc<1.t·.1C11t . iJ.1n . .J.ppl. Biol. 65 : 311-315 , 

( 1 971 ) . To:i~to :-:spcr:..1y virus . 

C -- - /t f n .,1! • .L • ..1. • • l.. b l' Description of pl2.nt viruses . Oct . 1971 

lio . 79 . 

& G. C. Bout~lli ( 196 7) . 

c;~;_'yscnt!1e:nw·.1 viruses . Rep . Gl:-.sshousc Crops Rc:s, Inst . 

1966 : 94 , 

l( 1.. Brunt ( 1968) . Cucunbcr 

l.'lO S-?,ic virus . Rc:p . Gl2sshousc: Cr ops Ros . Inst . 1967 

95-98 . 

------------- &: I.I . E. Norri sh ( 1963 ) . Chrysonth0,.11.i.r.1 

virus cs . Rep . Gl~sshousc Crops Res . Inst . 1962 : 86 - 93 , 

------------- & S . H. Snith (1965) , Chrys3.llthe::.iu:-.1 

vi l' USC S, Re:p. Gl acshouso Crops Ros . Inst . 196 4 : 89 - 90 , 

68 . Rout on, J.G . ten 9 F . (2u etk ex: F . vM dor m~er (1968) . Hcnt 

trc~tr:ient m1d r.wris t en cul turc for t ho pr oduction of 

virus-frGo pLmt n'.7.tcrinl. Ho th. Jl. Plant P o.th . 

7,1- : 17-2{,. 

69 , le ~ T. S. (1970) . 1.rom1.to spotted vlilt . C.M.I./1 •• 1 •• B . 

Descr i pti on of Plant Viruses Oct. 1970 1 o . 39 . 



125 . 

70 . Inouye: 9 T. , M. 1.sD.tnni & K. iviitsuhc:'.t::i. (1968) . Studies on 

• the viruses of pl::u.1t3 hi Co:r.ipositne: i n J ci.p2.11 . I. 

Toc.o.to asper::.iy virus frou chrysentll er:i.ur.1 . lJog,-:1.ku l<cnkyu 

52 (2) ; 55-64 . 

71 . I shiio 1 T. 1 Y. Doi~ K . Yor;c (); H. Lsuyouo. (1967) . 

SupprEssiv0 effec ts of o.ntibiotic s of tetracycline 

group on synptor:i. dovclop:-.1ent of nulbcrry dwo.rf disc:'..sc . 

l zill. . Ph:i,· top ::1.thol. Soc . J:'..pcm . 33 (<~) : 267- 275 . 

72 . Jc'.c obs, G. ; c .=! . Bora . ..1,"11 l. P . 1.llan (1968) . Tissue 

culture studi es on Rose . Use of pith expla.nt s . S. 1£ . J . 

agric . Sc . 11 : 673- 678 , 

73 . Kr..3so.nis; B. ( 1957) . Th,.; UGG of tissue culture to produc e 

virus- free clones fron in:fcc tL:d potci.to varieties . 

7 Lre ___ ( 195 7) . Effe c ts of ch::u1,ging tenp;:;r2.tw~e on 

75 . 

76 . 

1,lo.i.1t vi:::-us disco.s\..s . U.lv . Virus Re s . ,: .. : 221 - 2.~ 1. 

( 1 %5 ) . T:1,_ :r:,py of v:Lrus-infcctcd pl :::nts . 

J l. 11 . Q£ric . Soc. 126 : 105 -11 ,; . 

& I •• F . Posnctt,) ( 196 1) . Thcrnothcr:::t)y of 

virus- infe c ted. plnnt:.:, , Recent k .. :v . i n Bot . 1 : 557- 563 . 

77 . Kc;lcr 7 II . (196 1). U:'.ltcrsungc~i 'ubc. r di e Bcst~rl.ii::;lr:cit 

ciri.igcr obstvire:n in vitro . Tidcskr . Plo.ntc~wl. 

6:i: 163-171 . 

78 . Kc:llor 1 J . R. ( 195 1). Report on indicator plc..l'lts fo:.c· 

79. 

chryso..nthc;::iur..1 stunt virus 8..nd on ;-,, pricviously 

unrcportvd chrysanthc;Jlli.1 virus . 1:'hytop -:cthology 41 

947- 949 . 

( 1953) . Investiga tions of cl1rysD1theL1UB 

stunt virus and chrysanthcnLLTJ. virus (2 . Cornell Uni v . 

1 . t t It' ,. Y ",r . ~2' ( 40 ) .gric . exp • s n . nac c. . 1J . • tienoir ) 'r p. • 

80 . ~enp 1 VI . G. ( 196 1 ) • Investigations of chrysantheuum 

viruses in Can;-i.d::i.. . I. Chrysont henun rosett e virus . 

Can . Pl. Dis. Surv . 41 (4) : 183-1 90 . 



126 . 

81 . Kc11c"1cdy 1 J . S . i M. F . Dny [: '-! . P . E.:istof. ( 1962 ) . J. conspe ctus 

of 2.phi ds as vec tors of pl ::mt virus0 s . Coar:1onnl th . Inst . 

Entonol . ( 11 !tp . ) . 

82 . Y.:osu;;~,, T. (1956) . :Siochc,.;ic :-,1 ::-.spects of virus i nhi bitors 

in vitro ~1d in vi tro . Proc. I n t . Conf , on Virus~s 

,:,.nc:. Ve c tors (u .c . ) . (2°'i-7p . ) . 

83 , Kw.1kcl, 1 . 0 . (1 926 ) . Studi(;S on .:istcir ye llorrs . 1.r:i . J . 

84 . 

Bot . 13: 646 - 705 , 

( 1936) . Hc:::t trc ,tricnt for tlw cure of 

ye l lows :incl othe:r vi rus ::liscc.scs of pc.'.:1.ch . Phytopc.thol ogy 

26 : 809- 8)0 . 

85 . L,v,son 7 T, . H. (1968 ) . Cincr.'.ll~i ~: vc.ri c t ie:s ,'.s st:rch l esi on 

t es t ple::.1ts for chrys:-2.:.t~1c::.,.1..,'.:: stu:.1t virus . 

E:1ytop;'.t~10logy 58 : 690- 695 . 

86 . ( 1955) . Biochcr:li c ~,l c.spcct:;; of phcmol ::-.se 

c.c ti vi ty . Ldv . Enzy;:J.ol. 16 ; 105 . 

Pre as (778p . ) Ch . 18 : 593- 594 . 

88 . =1::'..rC'.l.1orosch 1 K. 7 E . Sl:ikc.tc. c".: R.n. Gr.mo.dos (1968 ). 

Structur2s r cscubling nyc opl:1s~1:-. in disec..scd pLmt s 

''llC. in i:.18ec t vectors . Trc1...11s . ;~.Y. Lc oil . Sci. 

30 : St, 1 - 85 5 . 

89 . ~IilJ.or 7 P.:1 . ( 1954 ) . Detec t i on of vi rus B of chrysr'l1 t hcr.1u;.:.i 

i n the: U. S . F .J., 0 . PlnEt Prot ec t . Bu l l. 2 : 56- 59 , 

90 . Mill(.;r , C. 0 . (1 965 ) . Evidence for the 11"'-t uro.l occurrenc e 

91. 

of zcatin onu dcr i v2.ti v e: s: Cor.1pou.ads fro::.1 no.i.zc wbich 

pronotc c ell di vi s i on . Proc. l:Tat n . l.c rv.1 . Sci. 

5ci- : 105 2-1 058 , 

Tfonsi on , T-.1 . , T. Huche t & J. Dunez (1969 ). 
~ 

Di ssmnnc.tion 

no.t urell e des virus de l a Qosfu quc et de 1 1 nspcr nie 

clu chrys2.X1t h~ne . /.nnl s . Phyt opnt hol. 1 ( 4) : 583-589 . 



127. 

92 . lilorc l 1 G. r.I. ( 1948 ) . Rcchcrchos sur l o. culture o..ssocice 

do p:crc.sitcs obligntoiros ct de tissus vege t 2.ux . 

/.rmls . ~piphytius (::.~. s. ) h : 123 -1 24 . 

93 . Hosteller~ F . 1 R. E . RourkG [c G. B. Tho,:i~s (1961 ) . In 

1 Prob.:-.bili ty ::nd Ste.ti sties 1 • l.ddison- \'leslcy Publishing­

Co . Inc . (366 ;> . ) . 

94 . i:Iuro..s:ii_sc, T. & F . Skooc; (1962) . J. r evised ncdiun foj'.' 

r ... 1.pid grov1tl1 r.nJ bio- ::'.sso.ys y;i th tobacco ti ssue cul turos . 

Physiolosic. Pl . 15 : 473- 497 . 

S5 . ~Jolson , :a . ( 1925) . Chrys:-:.nthcL1u;~ yellows; ~, ncv; Jisc,,se 

in the :;re en- house . Hichig.:--.n 1,gric . ex:) . sto.t . 

qU('.rt . Bull. 7 : 157-160 . 

96 . :;ielson , L.r: . (1960) . Eli~.i.11:.:!.tion of the intc:..·n~l cork 

virus by cul tu.ring 2.!)i c 2.l :,(;ri1:" tc;.1s of inf'cic tod sweet-

97 . :~oor ... ~'--'j D. (1952) . Virusziold,,:1 bij cllrys".l1t1.-1:. ii.: 

:;od'-rl~,nc~ . Tijdschr . Pl zivkt'-ri • 58 : 121 -1 89 . 

98 . ::.:yl211d, G. 2: A. C. Gok c:c. ( 1 969) . B,Y.t thcr::-·.p;y of virus 

diSC'.'.SOS of pe:rennicl plC1Dts . !um. Rev . Phytopc.th . 

7 : 331 - 354 . 

99 . Oertel, C. ( 1 969) . Un tersuchung1..,!l 'i.~bvr viruskrcnkl1ci ten 

"ll c:h..:.,·,rs .-~1 th0uu.i incli c ur:i L . ifovc. Act .:-. Lcopoldinc. 

:'.k ( 189) , 1 - 92 . 

100 . Pc:-.rk(.;, R. V. ( 1959 ) . Grm,tt. pcriodici ty 211d thu shoot tip 

of Abics concolor . Au. J . Bot . ~6 : 110- 118. 

101. Prentic e, I.W. (1952) . Chryscmt hc_1Uil f'loV1er dis tortion -

102 . 

su::..·vey 195 1. Plo.nt P2.thol. 1 : 77- 80 . 

(1 958) . Virus disec.se problems in flower 

crops . Sci cnt . Hort . 13 : 90- 96 . 

103 . Qunk, F . (1957) . I\lcristoer:1-cultuur, geconbi necrd :J.e t 

warntobche.ndoline vm- hct vcrlcrijgen vcm virus- vriju 

mij,,r plGntcn . '11ijdschr . Pl Zioktcn 63 : 13-1 4 . 



10c;. . Snstry? K.S. i:ii . (1 964 ) . A nuw strci.n of chryscinthC;LlLD 

'1sporuy virus frow. Inch .,..,_ . Inc1i rin J . Liicrobi ol • 

. ~ ( 2) 37-~-0 . 

105 . Suo.rl c , S • .11.. o: B. J . Mc.chin (1 968 ) . In 1Chry s~:.nthcnu.us 

t~K, Y(.:,r Round '. ::31C'nfor d pross . 3rd edition ( 379p . ) 

C1 . 2 : 30- 41 • 

128 . 

106 , Skill:1::_11. ? E . E . ( 1951 ). Purt:.1cr obsorv'"'.ti ons on chrys::'.Ilther.1u::.1 

vir us di se;.::7.st: . Gdncrs . chron . 129 141 . 

107 . S;,:,uth? F . ? . 1 G. V. Johnson\ R . P . Kahn&. A. :Bing . (1 964 ) . 

Rcpcll.--.ncy of r cfl c cti vc ::..luuiniur.1 to trmsi,.mt L,phid 

virus- vectors . Phyton'.l.thol ogy 5,i : 748 ( o.bstr . ) . 

108 . Snith~ X. ·1 . ( 195 3) . So.:-.10 virus dis0:-.sos of veg0 t 2.bles 

109 . 

f''.l1,1 or n:-:::1c nto.l pl ::nts . Ikp . Int . Hort . Congress . Land . 

1952 p . 569 . 

( 195 7) . In 1 1. T-.:xtbook of Pl.'.'..!1.t Virus Diso2.s...,s '. 

2nc "' c.1. . J . A. Churchi ll Ltd . ( 6-~8p . ) . 

11 0 . Sto;.1C;? O. ~L (1 963 ) . F::i.c tors cifccting the growth of 

111 • 

c 2.rn ::,.tion pl[l..rits f rou shoot 2pic (.,S , Ann . :cppl. Biol. 

::;2 : 199-209 . 

----- u: i'I''. . Hollings ( 1 96 3 ) • Tip culture 'Jlld the 

p1.~oduc tion of virus- free clones . Rup . Gl c.sshousc Crops 

Res . Inst . 1962 : 88 . 

11 2 . Su tton, J . &:, R. H. T~ylor (1 971) . Research proj ect fo r 

disco.sos of ornc:incnto.l pl::mts . 2nd Alm . Rop . Victorian 

Pl n..11. t Rc,s . Inst . of Dep t • .Agric. Victori o.. , pp . 8 -1 4 . 

11 3 , ThoLlson, £, D. (1963) . Occurrenc e of tone.to cspemy virus, 

c ar nc.tion not tlc virus ond o. virus fron chrysanthcmur:i.s 

i n l:c:w Zenl cnd . lJ . Z. J l. 2.gric . Res . 5 : 396 - 402 . 

11 4 . Tochiho.r::.., H. ( 1970) . So.CJ.c properties of chrysanthemur:.i 

r.1ild L'.lottle virus and conpo.ri son of this virus with 

cuc1..lli1bo r :ioso.ic virus . Jinn . Phytopnthol. Soc . Jc.pan . 

36 ( 1 ) : 1-10 . 

115 . Wclsh 9 M. F . (1948 ). Stunt-mottle virus dis8r1.se of 

chrys .::mthcnur;is , Scient . /.gric. 28 : 422 . 




